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And I am my brother’s keeper
And I will fight his fight
And speak the word for beast and bird
Till the world shall set things right
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The domestication of animals by humans goes back thousands of years. Animals have been domesticated in human history for providing resources such as pelt and meat, but also for protection, aid in hunting, and transport (Ucko & Dimbleby 1969). One of the largest influences on man’s way of living has been the domestication of farm animals. During a process called Neolithisation, human societies changed their way of life from hunting-gathering to food production based on farming of domesticated animals (Vigne 2011). This allowed them to create settlements as they were no longer forced to live a nomad life, and thus had a major impact on human demography.  Furthermore, the emergence of farming made humans less dependent on seasonality of resources. In the course of human history farming intensified enormously, to such an extent that livestock populations worldwide now exceed hundreds of millions (FAO 2009). As it is estimated that the human population will exceed 9 billion in 2050 (UN Population Division 2011), the demand for animal products will keep increasing over the coming decades. In fact, the UN Food and Agriculture Organization expects that in 2050 compared to 2010, 2.3 times as much poultry meat and between 1.4 and 1.8 times as much of other animal products will be consumed (FAO 2006).
With such huge demands, there is a considerable burden on farmers in meeting these demands, and efficient production methods are sought in order to keep production profitable. Over the past few decades however, there is raised ethical concern about the well-being of farm animals in extensive livestock production. Images of chickens packed together with millions in a confined space, sows in farrowing crates unable to build nests or even move properly, calves isolated from their mothers directly after birth; these are all examples of practices which are repugnant to the general public. Proper treatment of animals has become more important to society (especially the Western culture, e.g. Eurobarometer 2007), and the idea that animals are sentient beings that deserve a good quality of life is becoming more and more widespread. Improved understanding of animal functioning, cognition and behaviour has amplified the interest in animal welfare over the past 30 years (Broom 2011). 
The first step in improving animal welfare was made by the Brambell committee, set up in 1965 by the British government. The resulting Brambell Report contained the familiar “Five Freedoms”, which state that animals should be (1) Free of hunger and thirst; (2) Free from discomfort; (3) Free from disease, injury or pain; (4) Free from fear and distress, and (5) should have the freedom to express normal behaviour (Brambell 1965). Although this was a very important step in improving animal welfare, it has been criticized that freedoms 1 to 4 focus only on the absence of negative feelings or experiences. It is now widely accepted that animals can suffer, based on the results of extensive research on pain and suffering in animals, and a lot has been done to reduce this suffering. Indeed, this has improved the welfare of animals to a fair extent. However, the well-being or welfare of an animal cannot accurately be assessed merely by the absence of negative experiences. An animal that is free of pain, suffering and hunger is not necessarily a ‘happy’ animal. To quote the Farm Animal Welfare Council (2011), the question is not just if animals suffer or whether their needs are met, but rather if they have a life worth living. In other words, as Yeates and Main (2008) reason: ‘What use is there in satisfying an animal’s vital needs, if the life the animal then lives is devoid of any enjoyment?’ The presence of positive emotions may even be a predominant part of well-being, as argued by Boissy et al. (2007). Thus, scientists are starting to realize that good welfare should also include the assessment of positive affects, in order to be able to say anything sensible about the well-being of animals. This is resulting in a shift of focus in animal welfare research from negative to positive welfare assessment (Boissy et al. 2007; Yeates & Main 2008). 
Assessing positive aspects of welfare is not easy. As Fraser and Broom pointed out in 1990: ‘Our ability to make direct measurements which identify pleasure is extremely limited,’ although: ‘Research on the practicality of direct behavioural and physiological indicators of pleasure is much needed’ (Fraser & Broom 1990, p276).  Even now, some 20 years later, positive welfare research is still in its infancy. The difficulty in assessing positive welfare in animals lies in the very nature of it: feeling good and being happy are very subjective and personal matters, which are difficult to capture scientifically. The World Health Organization’s definition of ‘health’ in humans illustrates this problem: they define health as ‘a state of complete physical, mental and social well-being’ (WHO, 1946). Not only does ‘complete well-being’ sound rather impossible to achieve, this definition also poses a problem in assessing health. How can one determine how mentally or socially healthy a person is at a given point in time, let alone in general? Similarly, how can we assess how satisfied an animal is with the life it is living? Negative emotions such as suffering and fear are easier to quantify and measure than positive emotions, or even more tenuous concepts such as ‘a good quality of life’. Negative events have a more pronounced effect on physical output of animals, such as freezing behaviour, an increased heart rate and high levels of stress hormones in the blood. Long-term effects of bad welfare are also well-known, for example anhedonia, pathological anxiety and stereotypies (Fraser & Broom 2007). It should, however, be noted that at least some forms of stereotypies are believed to be a coping mechanism for animals to reduce stress and frustration (Mason 1991). For example, tethered sows showing high occurrence of stereotypies had a reduced heart rate during bouts of stereotypies, indicating that this behaviour reduces stress and thus helps the animal to cope with the situation (Schouten & Wiegant 1997). Positive experiences have a more subtle effect on physiology and behaviour, making it more difficult to measure. This, at least partly, explains why scientists have been focusing on negative aspects of welfare in the past and positive affects have been often neglected. Now that there is a pressing demand for positive welfare assessment, research is beginning to focus on how to assess positive emotions and affects in animals, with some very promising first results and indications.





2.1 Definitions of Welfare 
When talking about a concept such as welfare, it is first and foremost important to define the matter that is being discussed. Unfortunately, many definitions have been proposed, and consensus about what welfare exactly is has not been reached yet. Defining the term welfare is complicated, as discussions about animal welfare are the result of ethical concerns. These concerns, for example about how animals should be treated by humans, differ between cultures, time and individuals, which makes the definition of welfare rather a more subjective than a scientifically definable concept (Tannenbaum 1991; Stafleu et al. 1996). For example, the Brambell committee (1965) defines animal welfare as ‘a wide term that embraces both the physical and mental well-being of the animal.’ Although this will sound acceptable for most people as a definition of what they believe animal welfare entails, scientifically this definition is not very usable. The scientific approach of a concept demands clear definitions with measurable parameters, in order to objectively assess it. However, as Stafleu et al. (1996) remark, it is also important to remember that animal welfare should not solely be about measuring parameters, risking the loss of the moral concept of animal welfare. The interplay of two distinct fields as ethics and science makes it difficult to create a definition that scientists are satisfied to work with. The inherent ethical component and thus the subjective and emotional charge that the term ‘welfare’ carries, has long kept scientists from trying to scientifically approach this subject. 
Over time, more specific definitions of animal welfare have emerged, such as the definition by Broom (1986): ‘The welfare of an individual is its state as regards it attempts to cope with its environment.’ Tannenbaum (1991) defines welfare similarly: ‘Welfare refers to a state that includes some measure of a successful life.’ More specifically, Webster (2005) further defines this success of coping, defining welfare as being able to avoid negative and pursue positive events: ‘The welfare of a sentient animal is determined by its capacity to avoid suffering and sustain fitness.’ Thus, he abbreviates: good welfare means being fit and feeling good. These definitions all incorporate the long-term aspect of welfare, as they suggest an extended period of time through which welfare is formed and experienced. Moreover, they imply that being able to predict and control interactions with the environment are crucial to the welfare of the animal. An important recent development in defining welfare is that the definition is being adjusted to include the experience of the animal: Dawkins (1990) states that ‘animal welfare involves the subjective feelings of animals’. Bracke et al. (1999) define welfare as ‘the quality of life as perceived by the animal itself.’ Although such definitions are again scientifically difficult to employ practically, it does indicate that it is believed that welfare is mainly about the perception of the animal, and not about human interests and values. More specifically, Duncan (1993) claims that ‘welfare is about both positive and negative emotions and, therefore, about the satisfaction of needs and desires.’ The faculty of veterinary science in The Netherlands states that ‘an individual is in positive welfare when it has the freedom to react adequately to pain, discomfort, hunger, stress and to conduct normal behavioural patterns that allow him to adapt to the demands of the environment and enable it to reach a state which is experienced as positive’ (Ohl & van der Staay 2011). This definition incorporates both the coping ability and the subjective emotional state of the animal. 
It may be clear that reducing negative emotions and increasing positive experiences are both important in improving animal welfare. Once we know what an animal experiences as negative and positive, and under what circumstances it is most satisfied, practices can be adjusted in order to improve animal welfare. Broom (1986) suggests that difficulty in coping is ‘recognizable’ by scientific study, as it may be associated with pain and suffering in the individual. Although we know little of the feelings of animals, he claims, we may measure behavioural and physiological responses that are the result of poor welfare. It is now believed that we can use responses in behaviour and physiology to assess positive indicators of welfare just the same (Boissy et al. 2007; Yeates & Main 2008). In this chapter, I will discuss indicators of negative and positive welfare and the importance of natural behaviour for the welfare of animals.
2.2 Negative welfare indicators 
The initial focus of animal welfare concern has been on negative experiences or emotions, such as hunger, pain, fear and stress, which are widely accepted indicators of reduced welfare. It is important to note here that negative emotions in animals are in fact adaptive, and necessary for animal survival. The sensations of pain and fear are evolved reactions in order to avoid injury and danger (Bateson 1991),  which help the animal to cope with and survive environmental challenges. A fearless animal will not avoid predators, which may be fatal. An animal that does not feel pain will easily get injured and will not recover from injury as soon as an animal that does feel pain. Therefore, it should not be pursued to completely diminish negative emotions, as they are an important part of the natural behavioural repertoire of the animal, and help the animal to cope and respond appropriately (also see section 2.4). The important issue is that the adaptive ability of the animal should not be exceeded by negative experiences in the long run, i.e. leaving the animal unable to cope with challenges, which can be prevented by compensating negative with positive experiences (Ohl & Hellebrekers 2009).
2.2.1 Hunger and thirst
Feelings of hunger and thirst can easily be overcome by providing enough food and water to the animal. Food requirements for farm animals are now well-known (e.g. Bondi 1987) and have been studied extensively, as animal food intake and energy expenditure are important factors for the efficiency of production systems. However, some problems with feelings of hunger may arise when animals are given their daily required intake in one or two portions per day which are depleted easily. For example, offering isolated calves milk in a bucket results in fast depletion of the milk, and causes behavioural problems such as redirected sucking behaviour (section 3.2.2; Hammell et al. 1988). In most farm animals, much of the behavioural repertoire includes searching for food and spending a large amount of time foraging, such as rooting in pigs (Studnitz et al. 2007), grazing in cows (Albright 1993), and scratching and pecking in chickens (Shields et al. 2005). Therefore, it may be that animals that are given their required amount of food in few large portions may result in abnormal behaviour in between these feeding bouts, which may be due to, or at least accompanied by, strong feelings of hunger. It may be advised and stressed that when feeding animals, one must also consider the natural foraging behavioural needs of the animal. Some sense of hunger is obviously natural and should not raise much concern. Moreover, an animal that is fed once or twice daily does not necessarily have an impaired welfare, as its biological functioning such as growth rate is not impaired. However, it is important that negative emotions, e.g. feelings of hunger, are compensated by positive experiences, such as environmental enrichment and at least receiving food regularly. 
2.2.2 Injury and disease
Another important part of recognizing and reducing bad welfare is the occurrence of injury and disease. The use of antibiotics, vaccinations and regular medical treatment of disease and injuries have become standard in farming practices, and has resulted in improved monitoring and prevention of diseases and injury (e.g. PostNote 2011). There is a recently emerged concern about the dangers of large-scale non-therapeutic use of antibiotics in livestock production for both animal and human health, as bacterial resistance to antibiotics is increasing (Gilchrist et al. 2007). This may result in infections and diseases that can no longer be treated with antibiotics, which may in its turn result in epidemic diseases. A recent example is the emergence of the antibiotic resistant hospital bacterium MRSA (Chen et al. 2012).
	Housing systems have been adjusted over time in order to prevent common injuries and infections, as well as the transfer of diseases. For example, stall size, stall hygiene and the type of bedding have been shown to influence the occurrence of mastitis in cows (Elbers et al. 1998; Hogan & Smith 2003). Injuries caused by redirected behaviour such as sucking and biting by conspecifics has led to practices as tail docking in pigs to prevent tail biting, and beak trimming in chickens to avoid feather pecking and cannibalism. This is, however, clearly only a means of avoiding harm being done, instead of adjusting conditions so that the abnormal redirected behaviour is no longer performed, which is the actual welfare issue that should be considered.
2.2.3 Pain
The function of pain is believed to be minimizing and avoiding damage to one’s body and speeding recovery once damage has been done, through protective behaviour of the painful site (Bateson 1991). Animals show numerous physiological, (neuro-)anatomical and behavioural similarities with humans that suggest similar subjective experiences of pain. These include identical pain fibers, nervous pathways connecting pain receptors to higher brain structures, and similar behavioural and physiological responses to pain (Bateson 1991). Behavioural responses to pain are suppression of normal behaviour (e.g. grooming and eating), postural changes, defense and avoidance behaviour, and attention directed towards the site of their pain (licking and scratching). Anatomical indicators include locomotor problems due to lesions or injuries. Long-term pain which an animal is unable to successfully avoid can result in learned helplessness (Zimmerman 1986), where the animal shows apathic and unresponsive behaviour. 
Physiological responses to pain are raised blood pressure, raised stress hormone levels in the blood, increased respiratory rates, increased heart rate, dilated pupils and increased vocalizations (Rutherford 2002). These responses are in general stress-responses, which make it difficult to use them specifically as pain indicators. The fact that anesthetics reduce or remove feelings of pain in humans and pain-related behaviours in both humans and other animals, strongly indicates that pain is indeed subjectively experienced in animals expressing such behaviours. The difficulty in assessing pain is that some animals – in particular prey animals – have evolved ways of masking pain responses (Sanford et al. 1986), for example to prevent suspicion by predators. This is why in particular behavioural pain responses cannot and should not be generalized for all species. Another example is that in social species, the expression of pain may be informative for conspecifics (Fraser & Broom 1990), which would increase the expression of pain-related behaviours compared to non-social species. Hence, factors such as the social structure, biology and evolution of a species are important to include in pain assessment.
2.2.4 Stress and fear
Stress and fear are states of the body that emerge when immediate action is required in order to respond appropriately to a challenge, such as a (possible) threat by a predator or conspecific. These responses are natural and adaptive, as they help the animal to avoid possibly harmful events. This bodily reaction is also called the ‘fight-or-flight’ response, and includes activation of the sympathetic nervous system and secretion of adrenaline into the blood stream.  Responses are similar to the previously discussed indicators of pain (which induces stress, making it difficult to use these responses to assess either one apart from the other), such as suppression of activities as feeding and grooming, flight or defense responses, increased heart rate, dilated pupils and increased respiration rates (Broom 1988). A physiological indicator of immediate stress is raised blood concentrations of stress hormones, such as cortisol. Cortisol is, however, not a clear indicator of a stress response to negative events, as it is also released in exercise, mating and nursing (Borg et al. 1991). Predictability and controllability are important factors in stress, as these influence the stress response more than the actual stressor itself (Weiss 1972). Therefore, stress is not only a physiological reaction, but also an emotional one.
The exposure to intense or prolonged stressors lead to reduced immune functioning, causing increased occurrence of disease, reduced reproduction rates and abnormal behaviours (Moberg 1985). One important long-term stressor is the inability to cope with environmental challenges. Coping is being able to meet needs that the animal has (Broom 1988). When coping succeeds, the animal can adapt to the environmental conditions – when coping fails, the animal becomes stressed, reducing its fitness and welfare. Behavioural indicators of long-term stress include inactivity, unresponsiveness, redirected behaviours and stereotypies (Fraser & Broom 2007). As mentioned before, such behaviours may be a means for the animal to cope with the situation, reducing stress and feelings of frustration, and may thus help the animal to feel better under the circumstances it is in.
2.2.5 In sum
Indicators of bad welfare may be anatomical, physiological or behavioural. When looking at physiology, short-lived stressful events suppress behaviour such as grooming and feeding, and increase heart rate, respiration rates and raised blood levels of stress hormones. Long-term physiological effects of impaired welfare include reduced functioning of the immune system and thus high occurrence of disease and infections. Behavioural measures of short-term stressors are freezing behaviour, vocalizations, avoidance, locomotor problems and flight reactions. Long-term behavioural indications of reduced welfare are inactivity, unresponsiveness, stereotypical behaviour and abnormal redirected behaviours. However, the expression of such behaviours may be a mechanism helping the animal to cope with aversive situations.
2.3 Positive welfare indicators
Positive emotions and affect are thought to have evolved in order to stimulate behaviour that is beneficial for the animal on a short and/or long term, such as obtaining resources (Fraser & Duncan 1998). Sensory pleasures are often linked to returning the body to homeostasis, such as eating when hungry, heating when cold, and relaxing when aroused; making the extent of pleasure depend on the previous deviation from homeostasis (Cabanac 1971). This is a sensation we also experience ourselves: when very hungry for example, any food will taste good. Behavioural pleasures that have long-term benefits such as sexual behaviour resulting in reproduction, and (allo)grooming resulting in personal and mutual hygiene, are thought to be rewarding in itself. As the behaviour and the benefits are separated in time, these behaviours are believed to be motivating for the animal because they are satisfying to perform, rather than because of the benefits in the long run (Friend 1989). The functional explanation as to why these behaviours evolved are then the long-term benefits such as good hygiene and successful reproduction, whereas the causal explanation of the behaviour is because they are pleasant to perform for the animal. 
The recent shift of focus from negative to positive welfare has been mainly due to the increasing awareness that assessing and reducing negative welfare alone is incomplete. Positive emotions and affects are increasingly included in welfare assessment, in order to fully determine an animal’s state of welfare. It has been proposed that there is a bipolar welfare continuum stretching from negative to positive welfare (Feldman Barrett & Russell 1998). In this view, positive welfare assessment is an expansion of existing welfare science, investigating the other end of this continuum. Although investigating positive emotions and affects is fairly new in welfare research, the number of studies and theories on indicators of positive welfare is increasing. Here, I will give an overview of recent findings and current ideas of positive welfare indicators. 
2.3.1 Motivation and affect
Motivation is the drive to access or avoid a resource, and is associated with ‘wanting’. When obtaining a resource that an animal wants, the resulting positive affect can be described as ‘liking’, as opposed to negative affects such as distaste or aversion (Yeates & Main 2008). When assessing positive welfare, it is important to be able to determine what an animal wants and what it likes, to which end behaviour is an important read-out parameter. Preference tests, especially those that include ‘costs’ for resources that can be obtained, can give an indication of what is important for an animal. For example, in a preference study with mink, doors giving access to different kinds of resources were weighted, making it possible to determine how much effort the animal would make in order to reach the resource (Cooper & Mason 2000). The outcome showed that increasing door weights (up to 1 kg) did not reduce the time they spent swimming in a compartment with water, manipulating novel objects and occupy a hay box, indicating that those resources are important to them. Using this ‘consumer demand’ approach, it can be investigated how much effort an animal is willing to invest  in order to get access to a resource (Cooper & Mason 2001), i.e. what kind of value or ‘price’ a resource has for the animal. Simpler preference tests can show what resources an animal prefers over others. Such a preference test in chickens showed that they preferred food particles as flooring material for foraging behaviours over wood shavings, pelleted wood fiber and Astroturf mat, whereas time and number of dustbaths was highest on pelleted wood fiber (Scholtz et al. 2010). Such study designs can be used in order to determine what an animal is motivated towards and what it prefers, making it possible to include these preferences in the design of housing systems and policy making. In preference studies, it is important to realize that preferences and behavioural needs may differ during the day or along the reproductive cycle (e.g. Weeks & Nicol 2006), as well as by age and gender.
	As physiological markers of positive affect are not yet fully elucidated, behavioural markers are currently used in general. Behaviours that are expressed when animals are in positive affective states may differ greatly between species. In domestic pet animals, behaviours that are well-known to be expressed during positive affect are for example purring in cats and tail-wagging in dogs. Furthermore, different postures and facial expressions in dogs and cats are known to signal anger, fear or pleasure (Bradshaw & Nott 1995; Overall et al. 2005). If similar expressions of behaviour that indicate pleasure or happiness can be found in other animals, they can be used in determining positive affect. Thus, it is important to study animals at times when they are believed to be content and feel pleasure or enjoyment, in order to use the expressed behaviour as markers for positive affective states.
2.3.2 Play behaviour
Although the exact function of play remains a mystery, it is thought to be an indicator of good welfare. Play is not or less performed under poor conditions (after castration in lambs, Thornton & Waterman-Pearson 2002; in cold weather in piglets, Newberry et al. 1988) and play duration and intensity increases after periods of play deprivation (Jensen 1998). It is believed that play indicates that the immediate needs of the animal are met, which makes it a useful indicator for positive welfare. Play behaviours can be measured and used as an indication of welfare (Blackshaw et al. 1997), and often include short and abrupt movements. Theories about the function of play include preparing the animal for challenges later in life (Spinka et al. 2001); self-assessment of social and physical abilities (Thompson 1998); and training of the muscles (Byers & Walker 1995).
The number of studies focusing on farm animal play behaviours is increasing, making this information available for use in welfare assessment. For example, play behaviour in calves is now known to consist mainly of locomotor play, including running, bucking and kicking (Jensen & Kyhn 2000). In piglets, play behaviours include head tossing, pawing, hopping, pivoting and flopping (e.g. Dudink et al. 2006).
2.3.3 Allogrooming
Allogrooming is affiliative behaviour in which animals groom each other by gently biting, nibbling, or licking each other. Allogrooming is seen in most farm animal species, and is believed to increase bodily hygiene, to help form and maintain social bonds and to reduce tension in groups (Sato et al. 1991). Grooming in cattle (Sato & Tarumizu 1993) and grooming simulation in pigs (Hansen & von Borell 1999) have been shown to reduce heart rate, which shows that it has a relaxing effect. The combination of findings that close relationships are formed between individuals (Reinhardt & Reinhardt 1981; Sato et al. 1993) and the fact that mixing with unfamiliar conspecifics results in aggression (Pitts et al. 2000), indicates that affiliative behaviour positively influences an animal’s state of welfare. However, as excessive allogrooming may cause harm, irritation and aggression in the receiver, and frequencies of allosocial behaviours are increased in non-enriched environments (Beattie et al. 1996), it should be further investigated what aspects and which amount of allogrooming actually signals positive welfare. There are some indications that high occurrence of self-grooming indicates poor welfare, as it is decreased in group-housing and increased in barren or restricted environments (Kerr & Wood-Gush 1987). Therefore, the occurrence of self-grooming in combination with observations of allogrooming may help in determining the welfare of the animal.
2.3.4 Vocalizations
Vocal signals of animals are easy to record and therefore measurable and quantifiable. This makes the number and type of vocalizations useful indicators for welfare, if they can signal positive or negative affective states. Although negative events accompanied by pain or stress are known to elicit specific vocalizations in farm animals (Manteuffel et al. 2004), positive vocalizations of farm animals are still scarcely studied. Studies in other animals show promising results, indicating that vocalizations may indeed be useful to assess positive welfare. In rats, high-frequency ‘chirping’ occurs in social play, anticipation of reward and human tickling (Knutson et al. 2002), providing evidence that this vocalization signals positive affect comparable to human laughter. In cats, purring is believed to indicate a pleasurable feeling, as it is expressed in positive social interactions such as petting and nursing, during rubbing against other animals or objects, and in anticipation of rewards (Moelk 1944; Crowell-Davis et al. 2004).
	In cattle, vocalizations have been shown to signal age, reproductive state, fitness and social status (Watts & Stookey 2000). The acoustic structure of alarming barks of pigs differs from playful barks, indicating that these different barks reflect affective states in pigs (Chan 2011). In sheep, low pitched bleating is expressed by rams when approached by a ewe in estrus, and by ewes nursing their young (Fisher & Matthews 2001). Such vocalizations possibly signaling positive affect in farm animals may be used in welfare assessment. As recording and analyzing vocalizations is easy and non-invasive, this is a promising developing field of positive welfare research.
2.3.5 Physiological indicators of positive affect
Research conducted on neurological and physiological markers of positive affect  provide evidence that these behaviours indeed make the animal feel better and improve welfare. Although physiological markers to assess positive affect are underexposed, some promising fields for the assessment of positive affect may be heart rate variability, immune system functioning, and the measurement of neurotransmitters linked to positive affect in humans (Yeates & Main 2008). One clear indicator that positive affective states increase welfare comes from studies in humans, showing a correlation between positive affective states and physical health (Pressman & Cohen 2005). 




Evidence from studies on behavioural and physiological markers of positive affect show that social behaviour, play behaviour and allogrooming are reliable indicators of positive affect and are, therefore, linked to positive welfare. Specific play behaviours may differ between species, just as vocalizations and other expressions of positive affect. This makes it important to study a certain animal species’ behaviour in situations in which it is believed to be content, in order to determine which behaviours signal positive emotions. Neurotransmitters, such as opioids and dopamine, are linked to and induce positive behaviours such as social behaviour, play and grooming, providing evidence that these behaviours indeed are expressions of positive affect. Deprivation of such behaviours causes withdrawal symptoms comparable to drug addiction withdrawal, showing that not being able to perform these behaviour results in impaired welfare.
2.4 Natural behaviour
As mentioned before, both negative and positive emotions are important for animals. Negative emotions make animals avoid danger and harm, whereas positive emotions make animals obtain resources and attain states that are beneficial and pleasurable. Both can help the animal to cope with environmental challenges in order to survive and reproduce successfully. Negative emotions are, therefore, not bad for the animal per se, but aid the animal in responding to its environment just as much as positive experiences and emotions do. Coping with environmental challenges, therefore, comprises behavioural and physical adaptations to both positive and negative events (Ohl & van der Staay 2011).
In natural circumstances, the animal is thus, in general, capable to successfully react to challenges of its environment, especially as it is that environment that it is evolutionary adapted to. However, the challenges faced by farm animals are very different from those of the environment they evolved in, possibly resulting in frustration and other unpleasant feelings (Fraser & Weary 2003). In turn, these frustrations can result in harmful behaviour for the animal itself or for conspecifics. Such harmful behaviours and frustrations may also make animals difficult to handle for caretakers. Moreover, it may influence the caretaker’s behaviour and attitude towards the animal negatively, which can have pronounced effects on animal fear levels and productivity (section 3.1.4). An example of a challenge an animal is not adapted to is physical constraint, which prevents the animal from expressing natural behaviours such as foraging and nest-building. Although a constrained animal may be able to feed and to farrow, the needs for those behaviours remain, resulting in frustration and abnormal behaviour (Fraser & Broom 2007). It is this need to express natural behaviours which is often not considered in the stall designs of husbandry practices, as it often makes little difference for productivity outcomes. The inability to perform natural behaviours is however one of the main concerns of society for farm animals and is often what makes people feel uncomfortable about farming practices. For example, hens in battery cages do receive enough food and water and will lay eggs, hence the main biological functions of the animal are not hampered. The concern for hens kept in this way is that they have no freedom to move around, explore, and express natural behaviours which they feel the need to perform. The Brambell report (1965) captured this concern in their fifth freedom, in which they state that the animal should have the freedom to display normal, species-specific behaviour.
A part of natural behaviour is being able to respond and react to the environment, i.e. maintain a dynamic interaction with the environment (Ohl & van der Staay 2011). It is suggested that the ability to adapt to environmental challenges can be used as a measure for animal welfare (Korte et al. 2007) and that the inability to adapt results in poor welfare (Salomons et al. 2009). Thus, the emotional state of an animal can be deducted by the interaction with its environment (Ohl & Hellebrekers 2009). Barnard and Hurst (1996) state that ‘welfare can be interpreted only in terms of what natural selection has designed an organism to do and how circumstances impinge on its functional design.’ Being unable to adapt to the environmental circumstances can prevent the animal from reaching a state which it perceives as positive (Ohl & van der Staay 2011). Thus, in order to improve animal welfare, natural behaviour and therefore behavioural needs should be considered, and it should be assessed whether the animal is able to adapt to and cope with challenges it faces in its environment.























3 Farm animal welfare 
3.1 Factors that influence farm animal welfare
3.1.1 Conflicting interests 
Animals kept in husbandry practices have the disadvantage that their welfare is not the only matter at stake, and often does not have the highest priority for men. There are several stakeholders in the husbandry industry, with the main parties being the consumer, the producer (farmer), the government and the animals (Webster 2001). Whereas all human parties can convey their opinions, desires and can claim their rights, the animals cannot, depending entirely on humans as to how they are treated and kept. Although farm animals are generally believed to be sentient beings with some kind of intrinsic value, they still depend on the value they are assigned by society, which mainly treats them as mere agricultural products. The care and money people are willing to spend on pet animals for example (Wise et al. 2003), is much greater than individual farm animals receive, which is largely due to the value the animals have for us. However, if we are to respect animals for their intrinsic value and truly care about their welfare, their value to us should not be important. Welfare standards should not be different whether the animal, for example a rabbit, is considered a plague, a pet, or a test animal: its welfare needs remain the same (Webster 1994). Thus, not societal values, but the subjective welfare perception and needs of the animal should determine welfare standards.
What poses a problem in this idea, is that prioritizing animal welfare in farming practices unavoidably imposes a costly impact on the other parties involved (although improved animal welfare may also improve animal production, which eventually makes extra costs profitable, see later in this chapter). Webster (2001) argues that humans are mainly driven by self-interest, meaning that farmers will choose what the public desires (as that is what creates profit for them), and the public generally wants high quality animal products at low costs. Additionally, consumers have recently been taking an interest in the welfare of farm animals, and are expressing their desire for a respectful treatment and good quality of life for them. Between the two demands of low prices for animal products on the one hand (self-interest) and high standards for animal welfare on the other (moral values of animal treatment), lies a conflict. In a survey conducted with English students, 76% of the respondents stated that they were concerned with the poor welfare in husbandry practices, while only 34% ‘transferred this concern into action by avoiding certain food products on animal welfare grounds’ (Bennett et al. 2002). Furthermore, 56% of the respondents believed that it was wrong to cause pain, stress and injury to animals, while they still continued to eat meat. This indicates that even within the consumers, there are conflicts of different interests and desires.
	Raised concerns about the welfare of animals, but also about the safety of production practices, are putting pressure on governments to adjust their policies concerning farming practices. This is resulting in adjustments in policy making, as economic efficiency and low food prices are no longer accepted to be the main priority (Blandford & Fulponi 1999). Within the European Union for example, the Protocol on Protection and Welfare of Animals states that members of the EU are ‘obliged to pay full regard to the welfare of animals when formulating and implementing community policies’ (Horgan 2006). The public expects the government to at least set minimum standards for the treatment of animals to ensure unnecessary suffering is avoided. Labelling products is a means of providing consumers information on production methods, and, therefore, allows them to make a choice between systems that differ in which welfare standards are applied. As reliable labelling demands traceability, higher costs for the consumer are often the result (Blandford & Fulponi 1999). 
In order to ensure whether safety and welfare standards are being met in production systems, the government is additionally expected to regularly monitor and inspect food production facilities. Over the past 50 years, many adjustments have been made to farming systems in order to improve animal welfare, and regular surveillance is being conducted (FAWC 2009). Furthermore, there is an emergence of financial support offered to farmers that incorporate higher welfare standards (Horgan 2006). Animal welfare is now incorporated in agricultural and veterinary education, as well as in training programmes for farmers. Such education and communication about the importance of welfare is necessary to change attitudes towards animals, in order to increase the actual effect of stricter regulations (Forsberg 2011).
Thus, improving the welfare of farm animals is strongly dependent on public concern, increased knowledge due to scientific research, farmers’ attitudes towards animal welfare, and the willingness of governments to change policies and ensure the effect of adjusted rules and regulations. All these factors complicate the actual implementation of improving animal welfare.
3.1.2 Ethical concerns
Over many generations, farm animals have been genetically selected for high production rates and reduced undesired behaviours. The emergence of genetic modification and biotechnology has increased the deviation of farm animals from their natural ancestors. A downside to this selection procedure is that as animals are selected for increased production of meat and other products, undesired physiological and immunological side effects arise (Rauw et al. 1998). This includes the occurrence of leg problems due to increased growth rates, reduced reproduction rates and higher occurrence of diseases. Thus, selection procedures for higher production rates impose side effects that cause problems for animal welfare. The concern in this matter has little to do anymore with the way these animals are kept and treated, as it is more a question of boundaries of genetic selection procedures based on ethical grounds. Such ethical concerns can have an impact on husbandry practices and policies. For example, in The Netherlands the organisation Wakker Dier (‘awake animal’) launched a national campaign against selecting and breeding broiler chickens for their fast growth, inducing injuries such as sores and arthrosis, as well as problems with lung and heart functioning. Due to their campaign, one of the largest suppliers of food and health products, Unilever, has announced that they will stop using meat of these ‘bloated chickens’ in their products as from the first quarter of 2013. Many supermarkets and companies such as McDonald’s are now being pressured to follow their example.
Other practices that raise ethical concerns are therapeutic interventions. These may be physical, such as tail-docking and beak trimming, or physiological, by the use of antibiotics and drugs. Physical alterations reduce unwanted and harmful behaviours such as aggression and redirected behaviours. Ethical concerns include the pain induced by these practices, as they are often carried out unanestesized. In chickens, it is found that beak trimming comprises some aspects of their welfare and is highly likely to induce both acute and long-term pain (Cunningham 1992). The behaviour following castration in lambs suggested that castration induces prolonged acute pain (Thornton & Waterman-Pearson 2002). Such scientific findings on the adverse effects of these practices on animal welfare raise ethical concerns, which can cause the modification of these practices or force alternative practices to be developed (Swanson 1995). Physiological interventions include the administration of drugs, antibiotics and therapeutics that reduce unwanted behaviours. For example, adding tryptophan to the diet of broiler chickens reduces their overall aggression levels (Shae et al. 1990). However, the effect of farm animal drug administration on food safety and public health should be investigated fully before such practices are applied on a large scale. As mentioned before in section 2.2.2 on injury and disease, large-scale preventive administration of antibiotics raise the concern of bacterial resistance, posing a problem to both farm animal and human health (Gilchrist et al. 2007). Such ethical issues should be addressed by studies focusing on the actual harmfulness of these practices, with special focus on the implications for animal and human health. If animal welfare and public health are not affected by these practices, communication to the public about the safety and positive effects of such interventions is needed in order to prevent misunderstandings that raise such concerns (Swanson 1995).
3.1.3 Housing systems
The design of housing systems can dramatically influence farm animal welfare. The construction and maintenance of modern-day farm facilities are expensive, especially when a large number of animals is being kept in the facility. Therefore, the animals kept in such facilities often have limited space and are restricted in their movements (Blandford & Fulponi 1999). Conventional systems are increasingly being adjusted in order to meet the behavioural needs of the animal, ranging from increased enrichment to alternative housing designs. Some simple adjustments to feeding methods such as partitions and the use of automated feeding systems can reduce feeding aggression and competition. Ernst et al. (2005) demonstrated a feeding system in which pigs are called by a personal acoustic signal produced by a computer, after which they entered a feeding station to receive food. Such a system both reduces feeding aggression and serves as cognitive enrichment for the animals, thus improving their welfare in several ways.
The effect of different housing systems on the welfare of animals is often assessed by comparative studies. For example, comparison between four housing systems that differed in their degree of calf confinement showed that high degrees of confinement are associated with chronic stress in the calves (Dellmeier et al. 1985). In dairy cows, lying down is a preferred behaviour as it facilitates rumination, and has been shown to improve their health and reduce stress (see section 3.2.1). These findings have yielded many studies on factors influencing lying behaviours, such as overcrowding (Fregonesi et al. 2007) and stall surface material and dimensions (Tucker 2003). 
One development in improving housing systems is the emergence of organic farming systems, employing high standards of animal welfare and a restricted use of drugs and pesticides. Although these systems are in general better for the welfare of the animals, there are increased health risks due to outdoor access areas exposing the animals to numerous infections, which may impose food safety problems to the consumer (Kijlstra & Eijck 2006). Furthermore, the increased amount of space and care given to the animals raises the prices of organic farming products as opposed to conventional farming products. Thus, as mentioned before in section 3.1.1, prioritizing animal welfare in alternative housing systems can cause inconvenient effects on other parties involved, such as high costs for the farmer and consumer, and public health risks.
3.1.4 Farmer’s handling and attitude 
Farm animals have one person they deal with daily: the person that cares for them. It may not be surprising that the behaviour and attitude of the farmer towards his or her animals has an impact on the animals’ welfare. Especially during early sensitization periods does the handling of the farmer have a rather permanent effect on the later behaviour of animals towards humans (Boissy & Bouissou 1988). This behaviour consists of emotional responses due to recognition and anticipation. In a study conducted with calves, regular contact reduced fear responses to transport and handlings, and decreased the incidence of abomasal lesions (Lensink et al. 2000). In sheep, it was shown that gentling reduced fear responses during subsequent handling, showing that a change in attitude can also have an effect on animal behaviour later in their life and on a short term (Hargreaves & Hutson 1990).
Not only does the attitude of the caretaker affect the welfare of the farm animals, it has also been shown to affect their productivity. For example, sow farrowing rates, reproductive performance and litter size were all influenced by stockperson’s attitude and behaviour towards them (Hemsworth et al. 1989). Likewise, stockperson behaviour influenced broiler chicken fear levels and productivity (Cransberg et al. 2000). Cows that were handled by an aversive handler and a gentle handler showed an increased heart rate and fear response to the aversive handler being present when milked, and an increase of residual milk by 70% (milk that is not removed during milking) (Rushen et al. 1999). Thus, the effect of the farmer’s attitude towards animals can have a pronounced effect on not only the welfare of the animals, but also on their performance. Adjustment of the attitude towards animals can therefore be beneficial for both the farm animals and the farmer. Selecting stockpersons with certain behavioural and attitudinal profiles, and increasing education towards stockholders, may help in changing their attitudes towards the animals (Hemsworth et al. 1989).
3.1.5 Transport and slaughter practices
Transporting animals can severely reduce their welfare through high stress levels, injuries and mortality. Moreover, this reduced welfare can have an impact on carcass quality. Such injuries, bruises, morbidity, mortality and carcass quality can be used as indicators of welfare during transport (Warriss 1998; Broom 2000). When transported, animals are exposed to high amounts of novelty that they are often not accustomed to, causing severe stress. This high level of stress is also due to low predictability and controllability of the situation. Previous experience and genetic factors can influence stress and fear responses to transport (Grandin 1997). Factors that most influence stress responses during transport are loading and unloading of the animals, the condition of the transport vehicle (such as climate condition and vehicle vibration), and the characteristics of the journey (Trunkfield & Broom 1990). It is suggested that in order to reduce stress levels during transport, mixing of groups should be avoided, animals should be regularly checked during transport, and vehicle conditions should be adequate and if possible, monitored throughout the journey (Hartung 2003). Moreover, education and financial support to improve animal treatment by personnel handling the animals during transport is suggested, as well as effective policies and control systems (Hartung 2003; Hemsworth & Coleman 2011).
Much of public debates on the treatment of farm animals include debates about slaughter and slaughter practices. Discussions often entail the very question whether humans have the right to kill animals. However, as Broom (2011) argues, this is a different ethical question in itself, which has little to do with the welfare of the animal. Broom: ‘The animal welfare issue is what happens before death, including how they are treated during last part of their lives, often the pre-slaughter period and then the method by which they are killed.’ The conventional slaughter method that is used for farm animals is stunning, in which a metal bolt is fired through the skull into the brain (Troeger 2004). Alternative slaughter practices can reduce the amount of stress and pain experienced by the animal, such as the use of gas mixtures in stunning practices used in poultry (Raj 1998). Adjustments to slaughter practices are mostly due to improvements of meat and carcass quality (Troeger 2004), although public concerns on animal welfare have been of influence as well (Fletcher 1999). 
3.1.6 Summary
All factors discussed in this section influence how animals are treated and how much attention is given to their welfare. Education and financial incentives may alter the behaviour of farmers towards their animals, which in turn can improve both the welfare and the productivity of the animals. Labelling products and adjusting policies ensure the consumer that husbandry practices are being monitored and welfare standards are being set and controlled by the government. Eventually, good communication between all stakeholders and respect for the needs and rights of all parties involved is likely to be the most effective road towards improving animal welfare in husbandry practices (Webster 2001).
	In the following sections, I shall focus on the three most intensively farmed animals worldwide (FAO 2011), being cattle, pigs and poultry. I will discuss their natural behaviours and needs, briefly review common housing systems, and present a short overview of practices and factors that influence their welfare.
3.2 Cattle
3.2.1 Dairy cows 
Cows on free-range pasture spend most of their day grazing and lying down ruminating (Table 1). Rumination is an important part of the feeding process in cattle, explaining why cows have a strong behavioural need to lie down, which beside facilitating rumination also serves the function of resting (Wieringa & Hopster 1990; Albright 1993). In stables, steel bars are commonly used in order to create separate lying cubicles (Figure 2). These cubicles serve as a social barrier between cows: while on pasture cows on average lie 2-3 meters apart from each other (Fraser & Broom 1990), in cubicles separated by steel bars they will lie right next to each other (Potter & Broom 1987). The design and dimensions of such cubicles is important, as problems with infections and lying down / standing up behaviour can occur when cubicles are too short, too narrow, neck rails are too low or stalls are not cleaned regularly (Veissier et al. 2004). In the same study, it was found that cows prefer sand and deep litter over mattresses and mattresses over mats and concrete as cubicle bedding material, which is accompanied by a reduction of injuries. In general, soft surfaces are preferred by cows, on which they spend more time lying down and which reduces injuries to the legs (Tucker & Weary 2001). Key welfare indicators in different housing systems include total lying time, lying synchrony and cleanliness of the cows and the stable (Fregonesi & Leaver 2002; Veissier et al. 2004).

Table 1: Time budget of cows on free-range pasture.
Behaviour	Hours performed per 24h
Grazing	4 - 14
Ruminating	4 – 9
Lying down	9 - 14
Source: Fraser & Broom 1990; Fregonesi & Leaver 2001

Eating with the head in a downward position as opposed to horizontal increases the production of saliva with 17%, which, in turn, affects rumen function (McFarlane 1972). Thus, feeding in stables generally occurs by offering feed on ground level (Figure 2). Furthermore, providing feeding barriers in stables reduces differences in feed intakes between socially high and low ranking individuals, which is shown to be due to protection of the head by preventing physical contact (Bouissou 1970). Such innovations both fulfill the behavioural needs of the cow and are beneficial for the farmer, as the incidence of social conflicts, space requirements and feed intake differences are reduced. However, feeding bars consisting of a simpler post-and-rail system as compared to headlock feed barriers increases feeding time (Huzzey et al. 2006).

     
Figure 2: Lying cubicles (left) and feeding barriers (right) reduce social tension between cows.


Temperature and weather conditions can have pronounced effects on cow comfort and performance when kept on pasture. Cows adjust their behaviour to weather conditions, such as seeking shade on hot days, reducing their body temperature (Tucker
 et al. 2007) and seeking shelter during heavy rainfall. The thermal neutral zone in cattle, in which cows are able to regulate their body temperature and thus are comfortable, lies between -35 and 25 degrees Celsius (Kadzere et al. 2002). Furthermore, cows are more affected by heat than by cold (Hemsworth et al. 1995). In addition to the reduced comfort experienced by the animal, excessive heat affects reproduction and lactation. In a subtropical environment, Roman-Ponce et al. (1977) showed that providing shade resulted in a 10% increase of milk yield and almost doubled conception rates from 25% to 44%. Hence, providing shade during hot days or seasons can improve production and reproduction rates. However, cows held on pasture often do not have any shade or shelter available to them, as most cultivated land does not contain much, if any, trees or other sources of shade or shelter. This can impose high levels of discomfort on days of extreme weather such as prolonged periods of high temperatures or extensive rainfall. Providing sources of shade can reduce such discomfort, thereby improving both welfare and productivity.
Self- and allogrooming as well as scratching on other objects are believed to be performed in order to maintain personal hygiene and thus reduce the occurrence of infections and diseases. Therefore, trees may provide both a source of shade as well as scratching surfaces, increasing welfare through stimulating multiple desired behaviours. Furthermore, allogrooming forms and maintains social bonds in a herd (Sato et al. 1993). Social disruption such as mixing of groups increases aggression and social stress, and has a strongly negative effect on feed intake and milk yield (Boe & Faerevik 2003). Thus, the composition and dynamics of a social herd are important factors for the welfare of cows. As mentioned before in section 3.1.4, farmer attitude and behaviour towards the animals has an influence on cow behaviour and productivity (Breuer et al. 2000), with consistent milking procedures and predictable handling having a positive effect.
Lameness and mastitis are the two major welfare problems in cattle. Lameness can be defined as impaired movement or deviation from normal gait (Fraser & Broom 1990) and is associated with pain, reduced food intake, impaired body condition and reduced milk production (Hemsworth et al. 1995, Warnick et al. 2001). There are multiple causes of and factors influencing lameness, a few being housing design, production rates, weather conditions, herd size and farmer behaviour (Hemsworth et al. 1995). More research is, however, still needed to fully elucidate which factors affect lameness most. Mastitis is a bacterial infection causing inflammation of the mammary tissue, resulting in abnormal milk and/or a hard or swollen udder. Bedding material and practically any organic matter in the cow’s environment are sources of these bacteria (Hogan & Smith 2003). Rates of infections are highest in the first two weeks after calving (Shuster et al. 1996) and during milking procedures. Udder preparation prior to milking, such as washing and drying, can reduce occurrence of infections considerably (Panky 1989). Risk factors of increased mastitis infections are the presence of cows within the herd that are leaking milk or that have trampled teats, no disinfection of areas where cows have calved, and continuous use of teat disinfection after milking (Elbers et al. 1998). Management practices such as frequent health controls and farmer skills and motivation influence the identification of mastitis, which can result in timely and adequate reaction to infections.
3.2.2 Calves
In common dairy practices, calves are isolated from the cow within 24 to 48 hours after birth. Isolating the calf from the mother directly prevents a reduction of milk that can be extracted from the cow, and reduces reactions in both cow and calf to separation as opposed to later separation. However, separation at a later age improves sociality, later maternal and reproductive behaviour, weight gain, productivity, health, and reduces fearfulness in the calf (Flower & Weary 2003). Thus, later separation may eventually be beneficial and counter-balance the negative behavioural effects that it causes, at least for the farmer and the calf. The reason that young calves are in general isolated from other calves is to prevent the transmission of pathogens, to which newborn calves are highly susceptible. Another advantage of isolated housing is that the caretaker can easily
monitor the physical health and feed intake of each calf individually. Common housing for isolated calves are calf hutches, in which they have free access to an in- and outdoor area (Figure 3). Calves are housed individually during the first two weeks to prevent navle-sucking of other calves when group-housed, and allow the navel to dry. A positive effect of socially isolated rearing is that it increases milk production of the calf later in life (Arave et al. 1985), although this may be due to the effects of chronic stress on adrenocortical function (Creel & Albright 1988). The main negative issue is that social interaction is prevented, which can cause the inability to develop normal social herd behaviour later in life. For example, calves socially isolated for the first 8 months of their lives had lower ranks and spent more time alone after being introduced into a herd, compared to calves reared in groups (Broom & Leaver 1978). Group-housing has the advantage that social behaviour is possible and space is increased, which in turn increases the occurrence of play behaviour (Jensen et al. 1998). Play behaviour is seen as an indicator of positive welfare, as such behaviour is only performed when all basic needs are met (section 2.3.2). Pair-wise housing has no negative effects on physical health and weight gain, and thus may be a good alternative to group-housing (Chua et al. 2002). 
After separation from the cow, calves are fed artificial milk, which is often offered in buckets. Providing milk in buckets causes a problem due to the strong behavioural need of sucking in calves, as already mentioned in section 2.2.1. An alternative feeding method is the use of artificial teats (Figure 4), which increases milk intake as the behaviour is more reinforcing for the calf to perform than drinking from a bucket (Hammell et al. 1988). Other influences on calf welfare include the environment, which should be safe and clean, social herd behaviour, and interactions with the caretaker (Stull & Reynolds 2008). Furthermore, as calves spend most of their time lying down, the resting area should be clean and dry. Calf hygiene and the occurrence of lesions are indicators of the cleanliness and comfort of the resting area, and therefore can be used


   
Figure 3: Calves housed in hutches have free access to an indoor and outdoor area, but are deprived of social contact, causing abnormal social herd behaviour later in life. 

Figure 4: Providing calves with artificial teats through which they can obtain milk reduces problems that arise when fed milk in buckets, due to their behavioural need to suck.

as indicators of calf welfare. Calves are affected by both heat and cold stress, being more sensitive to both stressors than adult cows (Hemsworth et al. 1995). 
Thus, thermal extremes should be avoided, pens should be safe and clean, and calves should be regularly monitored for health problems in order to ensure their welfare. Furthermore, later separation from the cow and pair-wise or group-housing seems to have beneficial effects as opposed to direct removal and isolated rearing.
3.3 Pigs
3.3.1 Sows
A breeding facility for pigs, houses sows and their piglets up to around 25 kg, after which piglets are transported to a finishing unit until slaughter age (unless both facilities are combined in one location). In common practice, sows in breeding facilities follow a continuous cycle of insemination, pregnancy and farrowing, which is repeated after piglets are weaned. One week before the expected farrowing date, sows are moved to farrowing crates (Figure 5), which have been designed to reduce crushing of piglets by the sow (Marchant et al. 2000). Additionally, such crates make piglet handling and management practices easier, reducing costs and dangers for the farmer. However, much concern has been raised about the welfare of sows in these farrowing crates, as they are restricted from all movements apart from standing and lying down. This results in frustration behaviours in the sow (Rushen 1984), especially as the need for nest-building behaviours is strong before farrowing, and this behaviour is prevented. Another problem arising in farrowing crates is the difference in thermal requirements for sows and piglets. For sows, temperatures of 15 – 26 degrees Celsius are comfortable, whereas new-born piglets need much higher temperatures to stay warm, being 34 degrees or higher (Curtis 1995). This is often resolved by hanging a heat lamp under which piglets can huddle together, increasing their body temperatures (Figure 5). There are several developments of alternative farrowing systems, including outdoor-housing and group-housing of sows throughout farrowing (Marchant-Forde 2009), although such alternative systems raise costs due to bedding material and increased space, and are more laborious for the farmer.
	Between insemination and farrowing, sows are generally housed in groups. Although there are still practices in which pregnant sows are confined individually, this will no longer be permitted in the EU from January 2013 (Teagasc 2012). These groups are often large, imposing problems e.g. for monitoring feed intakes and feeding aggression. A feeding system that is now commonly used is electronic sow feeding, where each sow carries an ear tag or collar with a responder, allowing her access into the feeding station if she has not received her daily amount of feed yet (e.g. Jensen et al. 2009). Although this solves the problem of monitoring individual feed intake and reduces feeding aggression between sows, in natural circumstances pigs eat in groups. Thus, such an individual feeding system prevents natural social


Figure 5: Sows in farrowing crates are restricted in their movement, only being able to stand up and lie down. This constriction results in frustration behaviours, especially due to the prevention of nest-building behaviour.

feeding behaviour. A resulting problem is that aggression around feeding stations is expressed in the form of vulva biting, which is one of the major welfare problems in group-housed sows (Kroneman et al. 1993). This behaviour can be reduced by offering roughage and creating subgroups of sows. Additionally, sows often deplete their entire daily feed in one visit, imposing problems for foraging needs and strong feelings of hunger the rest of the day (section 2.2.1). Other feeding systems include simultaneous feeding in troughs that contain partitions (stimulating social eating while preventing harmful contact), and individual feeding stalls (Marchant-Forde 2009).
	In semi-natural circumstances, pigs spend about 75% of the day on foraging-related activities (Stolba & Wood-Gush 1989), while domesticated pigs show only 19-24% of this behaviour per day (Gonyou et al. 1992) and much time lying inactive (Broom et al. 1995), both in individual and in group-housing. This difference may be due to the lack of foraging material and space in domesticated pigs. In conventional sow group-housing, flooring often consists of (partly or fully) slatted concrete, allowing excrements to fall through. Such floors in general contain no bedding material, preventing the sows to root and forage. In the EU, manipulable material must be available if floors are not bedded. Slatted floors show a correlation with the incidence of lameness, which is caused by foot problems such as lesions, osteochondrosis and arthritis (Dewey et al. 1993). Factors that cause lameness are rapid growth and high weight, floor characteristics (slipperiness, hardness, cleanliness), season, type of housing system and management practices (Kroneman et al. 1993). General measures of welfare in sows include the incidence of stereotypies and other abnormal behaviour, reproductive problems, body functions, physical health and stockperson management (Marchant-Forde 2009).
3.3.2 Growing-finishing pigs
After weaning, pigs are regrouped and raised on breeding facilities to around 25 kg, after which they are transported to a finishing facility where they are raised until slaughter age. Weaning is very stressful for the young piglet (3-4 weeks) as it is accompanied by a change of diet and location, separation from the mother, and mixing with unfamiliar conspecifics; all causing stress (Gentry et al. 2008). This stress can be reduced by familiarising the new environment using elements of the pre-weaning period, such as maternal pheromones and enrichments from the farrowing environment. Additionally, Pitts et al. (2000) showed that mixing at very young ages reduces fight durations and results in 80% fewer injuries from fighting. Thus, mixing in the pre-weaning phase can reduce aggression and stress after weaning. 
Transport towards and mixing at the finishing facility is another source of stress for growing-finishing pigs (Coutellier et al. 2007). Intensive finishing facilities commonly house pigs in large groups in inside pens, which are often barren environments with stationary feeders (Figure 6). The emergence of such housing systems is caused by maximising production efficiency, resulting in decreased space per pig, automated feeding systems and widespread use of slatted floors (O’Connell 2009). Adjusting such systems in order to improve welfare by allowing the pigs to perform natural behaviour and have more space, implies more costs to both the farmer and, eventually, the consumer (section 3.1.1). Some alternative housing systems include the provision of bedding material and systems in which lying areas are separate from excretory areas (SVC 1997). Providing bedding material can both reduce injuries, e.g. due to reduced slipperiness, and offer enrichment by stimulating natural foraging behaviour (Studnitz et al. 2007). Additionally, pigs show a preference for pens with substrate over concrete (Beattie et al. 1998). Barren environments prevent pigs from performing foraging behaviour such as rooting, resulting in harmful redirected behaviours such as tail biting and aggression. This is especially the case if space allowance per pig is decreased (Turner et al. 2000). Furthermore, offering rooting material increases the incidence of play behaviour (Beattie et al. 1996), which as previously discussed in section 2.3.2 is an

 
Figure 6: After weaning and until slaughter age, piglets are commonly housed in barren environments in large groups, causing problems such as redirected behaviours. 
indicator of positive welfare. Straw is the most suited enrichment material when pig welfare, economics and practicality are all considered (van de Weerd & Day 2009). 
Important factors of influence on the welfare of growing-finishing pigs are physical health, stockmanship interactions (quality and quantity), type of housing system, and management practices (Gentry et al. 2008). Environmental enrichment and improved handling by caretakers are areas of possible improvement of pig welfare.
3.4 Poultry
Compared to other farm animals, chickens belong to an entire different class of species, with different anatomy and physiology, and, therefore, different welfare problems. Being birds, the biggest differences with mammals are that they are feathered, have beaks, and that they lay eggs. Birds are sensitive to hypothermia due to their high body temperature and high metabolic rate. Furthermore, birds have a more complex respiratory system, making them vulnerable to polluted air. The condition of their plumage is an important aspect of their welfare (Cooper & Cooper 2010). Chickens are perching birds, meaning that their feet are anatomically suited to clasp around branches of trees. Perching is a desired behaviour in chickens, which can promote the feeling of safety due to the possibility to escape to higher grounds (Figure 7; Newberry et al. 2001). When allowed, chickens will walk 1 to 1.5 km per day and frequently fly to and from elevated places (Keppler & Fölsch 2000). This distance is reduced in systems without free range. Dustbathing belongs to the natural behaviour of chickens, which serves the function of keeping their plumage in good condition (Figure 7; van Lier &

 
Figure 7: Perching (left) is a desired behaviour in chickens, giving them a feeling of safety and the ability to express natural behaviour. Dustbathing (right) keeps plumage in good condition and appears to be pleasurable for chickens to perform.

Bokma 1987). Furthermore, the behaviour itself is likely to be pleasurable to perform (Widowski & Duncan 2000). The analysis of foraging behaviour in Red Junglefowl (wild ancestor of the chicken) in a semi-wild environment showed that 60% of the time was spent pecking and 34% ground scratching (Dawkins 1989). The inability of expressing such foraging behaviour results in redirected behaviours such as feather pecking and cannibalism (Blokhuis & Wiepkema 1998; Huber-Eicher & Wechsler 1998), of which the harmful consequences are reduced by beak trimming. However, the frustration within the bird resulting from not being able to express natural foraging behaviour remains the same when its beak is trimmed. Thus, beak trimming does not solve the problem of frustration in the animal resulting from not being able to perform desired foraging behaviour. Moreover, beak trimming is likely to be accompanied by acute and long-term feelings of pain (Cunningham 1992). Housing systems where chickens are housed inside often contain large amounts of chickens in an artificially lit space in which temperature and air quality are controlled by automated systems. Artificial lighting regimes are often used to stimulate egg or meat production.
There are two resources for which chickens are being kept in husbandry practices, being eggs of laying hens, and meat of broiler chickens. Therefore, laying hens and broiler chickens are kept under different circumstances, which are both shortly reviewed here.
3.4.1 Laying hens
In battery cages (Figure 8), chickens have little space and no litter material to perform foraging or dustbathing behaviour in. Battery cages generally consist of small wire mesh cages that house 3 to 6 hens per cage. The cage is often just high enough for the chicken to stand up right, and the wire mesh bottom contains a slight slope, causing eggs to roll to the front of the cage for collection (Sherwin 2010). The emergence and popularity of battery cages among producers has been due to economic efficiency and high levels of production. However, these conditions result in strong physical and physiological discomfort and frustrations in the hens, as natural behaviours cannot be performed and social stress is high. Moreover, laying hens raised in cages are not able to move much, which reduces their bone strength and makes them more susceptible to leg problems

   
Figure 8: Left: hens in battery cages. Right: hens in barn systems do not necessarily offer chickens more space than battery cages, although they may offer perches and nest boxes, stimulating natural behaviour.

than chickens raised in alternative systems, such as perchery and terrace systems (Knowles & Broom 1990). Battery cage systems have been criticised to such an extent that they were banned in the EU in 1999. After a 12-year phase-out period, the ban has been effective as from January 1st 2012. 
	Alternative systems that are now increasingly used are enriched cage systems, barn systems and free-range systems. Any system generally still suffers from problems with overcrowding, as in barn systems in which chickens are kept with thousands individuals in one flock (Figure 8). Increased densities and thus reduced space per hen in cage systems is correlated with higher mortality, decreased egg laying, and reduced food consumption (Adams & Craig 1985). When chickens are offered increased space after being confined, they show rebound behaviour including wing flapping, stretching and tail wagging (Nicol 1987), indicating that confinement prevents natural, desired behaviours. Enriched or get-away cages contain increased space per chicken, perches, nest boxes and litter material, which are minimum EU requirements since battery cages have been banned. All these features improve the hen’s welfare, making it possible to express at least some natural behaviours such as wing flapping, perching and using a nest box for egg-laying. Cage dimensions can differ, housing small groups of 4-8, or large groups of 60-80 hens. Although labour and costs to the farmer are slightly increased, the possibility of expressing natural behaviour increases the welfare of the hen considerably (Wegner 1990). In barn systems, chickens are kept in a barn in one large flock, which is typically around 15,000 with a maximum of 25 chickens per m2 in the EU (Sherwin 2010). When flooring material consists of deep-bedded sawdust or any similar bedding material, the system is referred to as deep-litter. Litter material allows hens to dustbathe, peck and scratch, although substrate preferences differ for foraging behaviour and dustbathing behaviour (Scholz et al. 2010). Most barn systems contain nest boxes, and may contain perches or shelves. However, these systems are not required to offer perches, dustbathing substrate or nest boxes, and do not necessarily offer more space per hen than cage systems (BCSPCA 2009). If litter is provided and its condition monitored and maintained, this can reduce foot problems in the hens. Free-range systems include access to an outside area, which usually includes vegetation and provides overhead shelter. The inside housing of such systems generally contains perches and nest boxes. Flock size typically ranges from 7,000 to 15,000 and space per hen in free-range systems is again not necessarily increased compared to cage systems. Although welfare is increased in alternative systems, no system is ideal in terms of hen welfare. No-cage systems, although they offer more freedom of movement, increase the risk of diseases and harmful redirected behaviours compared to cage systems. It is believed that housing small groups of hens, combined with enrichment and freedom of movement would be the most ideal housing system in terms of hen welfare (Appleby & Hughes 1991).
Mortality in laying hens is influenced by season, feather colour (with white hens showing less mortality), country and kind of system (Blokhuis et al. 2007). Furthermore, groups of non-beak trimmed chickens showed more mortality due to cannibalism and redirected feather pecking. In short, hen welfare is influenced by space per hen, the ability to perform natural behaviours such as perching and the use of nest boxes, and redirected behaviours of conspecifics. Additionally, hygiene, air quality and health influence their welfare (Jendral 2005). Increased human contact reduces stress caused by handling, and increases egg-production (Barnett et al. 1992).
3.4.2 Broiler chickens
Broiler chickens are raised for meat production, which has subjected them to intensive genetic selection for fast growing rates. There are three components of the broiler production system, consisting of broiler-breeder farms, hatcheries and broiler-growing farms (NASS 2005). At broiler-breeder farms, mature hens and roosters are kept together for about one year, for natural fertilization of the eggs. The eggs (around 300 per hen per year) are collected and moved to a hatchery for incubation. After hatching, chicks are vaccinated and transported to a broiler farm, usually within 24 hours of hatching. At the broiler farm, chickens follow a growing cycle, in which the entire flock of chickens is raised until slaughter weight (2 – 4 kg,), which may be reached between 5 and 8 weeks of age, depending on the market for which the bird is raised. The indoor barn system is most commonly used in broiler chicken housing, containing a deep-littered floor which is replaced after disinfection of the barn between cycles, to prevent the spreading of diseases between flocks. Furthermore, barn systems contain automated feeding (ad libitum to maximize growth) and water systems (Figure 9). Feeding may be restricted during early life to reduce incidences of metabolic disorders (Acar et al. 1995). Temperature, ventilation and lighting are carefully controlled from day-old to slaughter age. Broiler chickens are often kept under continuous or 23 hour lighting periods in the first few days, promoting feeding and thus growth rates (Widowski 2010). This can significantly impair their welfare as they have little time to rest compared to natural day-night conditions, and are thus unable to develop a normal circadian rhythm. Light intensity is gradually decreased upon aging, minimizing activity but bright enough for the chickens to find food and water. Stocking densities depend on slaughter weight and typically range from 25 to 40 kg/m2 (Meluzzi & Sirri 2009). Litter quality is an indication of management practice quality, as damp or dirty litter may result in breast blisters and other welfare problems. Good litter provides insulation from cold floors, is absorbent and forms a proper environment for bacteria to convert excrements into drier products. Furthermore, good litter material keeps birds clean and minimizes dust problems. Most commonly used litter materials are soft wood shavings, chopped straw and bark chips. In a preference-choice test, it was found that broiler chickens spent most time on sand and wood shavings, and least on rice hulls and recycled paper roll (Toghyani et al. 2010). Furthermore, they spent more time dustbathing on sand. Litter


Figure 9: Broiler chickens in a conventional barn system.
material had no effect on performance, although it may be argued from the results of the preference test that sand and wood shavings stimulate natural behaviour, and thus increase broiler chicken welfare.
	Alternative housing systems are semi-intensive and free-range systems. Semi-intensive housing systems allow access to an outside run, and are shown to increase meat and carcass quality (Castellini et al. 2002). Welfare in these systems is improved by reduced stress-levels and increased activity, caused by increased space per chicken. Slaughter age is increased in semi-intensive housing systems (up to 10 weeks), as growth rates are lower than in conventional systems (Brown et al. 2008). Free-range systems house chickens at lower stocking densities than conventional systems. After three to four weeks, access to pasture is allowed. Use of this pasture and perches is often reduced due to leg problems (Weeks et al. 1994), which is one of the main welfare problems in broiler chickens (FAWC 1992). Compared to free-range and semi-intensive housed chickens, meat taste and tenderness was judged to be better from chickens raised under standard conditions by a taste panel (Brown et al. 2008). Such findings may hamper the transition from standard to alternative housing systems. Climatic conditions have a greater impact on welfare than does stocking density, with temperature and humidity being the most important factors influencing mortality (Dawkins et al. 2004).
	In broiler-breeding flocks, feed is severely restricted in order to reduce growth and prevent problems with egg production and fertility (Mench 2002). However, as broiler breeds have been genetically selected to always be hungry (increasing their food intake and thus growth rates), this results in extreme, chronic hunger and high levels of stress in broiler-breeding hens (Hocking et al. 1993). Alternative methods that have been developed have proven unsatisfactory, thus there is still a strong need for developing alternatives to current food restriction programmes in order to improve broiler-breeder welfare.




4.1 Addressing farm animal welfare
The issue of animal welfare is a complex one. Not only is it difficult to capture what the term ‘welfare’ exactly entails as it is subject to the influence of personal values and ethics (Hewson 2003), what should be done about the welfare of animals is another difficult matter. For our pet animals, we are willing to invest large amounts of time, energy and money to give them a good life (Wise et al. 2003). They offer us company and pleasure, which makes us feel obliged to treat them with love and respect. For farm animals however, the balance of the human-animal bond is different. As they provide us with resources that we consume, their ‘services’ to us are often less personal. Moreover, the exponential global increase of animal product consumption due to the expansion of our species (FAO 2006), is increasing the distance between the consumer and the animal. Many consumers are unaware of the exact methods that precede the production of the piece of meat they buy at the supermarket (Eurobarometer 2007). It may be at the interest of some farmers to keep consumers unaware of these practices, in order to keep producing profitable. The demand of consumers for humane treatment of animals, while at the same time demanding low prices for good quality animal products, puts a great burden on producers. We must realize that there is controversy in these two demands within the consumer. Allowing all hundreds of millions of farm animals worldwide (FAO 2009) all the space and freedom they would prefer, would raise the costs of animal products considerably (let alone if it would be practically possible). Therefore, we must be reasonable when addressing the improvement of farm animal welfare. In the words of Marchant-Forde (2009): ‘It is all too easy to judge intensive farming practices, when we consider only the welfare of animals within a given system. We have to consider the bigger picture and balance the positive and negative aspects that intensive agriculture has on our society as a whole, before reaching a decision about overall acceptability of a given husbandry practice.’
4.2 Influence of scientific research
Scientific research on animal physiology and behaviour has increased awareness and understanding of how animals subjectively perceive the world around them. Findings on negative emotions such as stress and fear, but also the recently emerged field of research on positive emotions such as play and social behaviour, is gradually changing our view on animals and their welfare. The resulting knowledge is important, or even crucial, in welfare assessment. As Hewson (2001) states: ‘Whatever we decide about animal welfare as a profession or as individuals, we must be knowledgeable.’ Only when we know which effects our actions have on the animal (species), we can decide to what extent we find our actions acceptable. Still, all research on animal physiology, behaviour, emotions and feelings will never fully answer the question of how an animal truly experiences its life. As Boissy et al. (2007) argue: ‘Given the very nature of emotional self-experience, there is ultimately no way to know if animals experience emotions similar to humans.’ In fact, to measure emotions and feelings in individual humans has already proven to be very difficult, let alone in animals. Research on physiological, neurological and behavioural reactions which can be linked to emotions, such as increased heart and respiration rates and dilated pupils when stressed or fearful, has shown many analogies between humans and other animals (section 2.2.3, Bateson 1991). Such findings in combination with the fact that humans share an evolutionary ancestor with other mammals, support the idea that animal analogies of human emotional responses can be used for the assessment of animal emotions and welfare. Although this can bring us close to an idea of how the animal experiences its surroundings and conditions it is living in, it will ever tell us how the animal truly perceives life. Therefore, science cannot provide us with the full answers that we search for in animal welfare research and assessment, which is why we must allow common sense and experience with animals to contribute to the decisions we make. This is where ethical values come into play and may provide a useful contribution, as different parties, through discussions and considerations, can indicate which practices they find (un)acceptable and why. Such ethical discussions may fill the gaps that science leaves us with in the hard-to-assess matter that welfare currently is.
	The European Union funded project Welfare Quality was founded in 2004, its goal being to develop a European standard on farm animal welfare. It has since developed reliable tools for assessing and monitoring the welfare of farm animals both on the farm and at slaughter. This project provides useful tools to gain reliable information on animal welfare for consumers, farmers, and regulators. Such projects provide essential starting points to address the assessment and regulation of animal welfare.
4.3 Complexity of the issue of farm animal welfare
Eventually, the farm animal welfare debate is one between and among biologists, philosophers, ethologists, farmers, veterinarians, politicians, agricultural engineers, consumers and non-consumers (vegetarians and vegans). It is important to realize that this debate brings together groups of people with vastly different interests, beliefs and backgrounds. If we are to come to a sustainable solution, all these different groups of people must be able to respect each other’s needs, desires and interests. The farmer is to respect the public that raises concern about the welfare of farm animals, and the needs of his animals; the government is to respect the wishes of the public and of the farmer; et cetera. Moreover, all parties involved should realize that farm animals have no voice in this debate, though they are the ones that are compromised the most. Therefore, farm animals rely on the empathy and willingness of humans to take the matter of their welfare serious. For all the resources that these millions of animals provide to us, they deserve at least some reciprocity in the form of respect, and an effort to give them a reasonably good quality of life. In essence, I argue that we should stop raising farm animals as if they are merely producers of meat, milk and eggs, and start to fully realize that they are live animals with emotions, expectations, subjective feelings and personal experiences. In order to respect them as individual beings, we ought to provide animals with an interesting environment that allows them to behave normally and feel secure (Hawkins 2010). Furthermore, complying to their wishes does not have to be a difficult or expensive task to accomplish. There are numerous ways to improve at least some aspects of the lives of farm animals. Small adjustments or additions that allow them to express desired behaviours can reduce boredom and increase pleasurable feelings in the animals, which in turn can improve health and production rates (section 3.2 through 3.4). Kind and patient handling, especially during the early phase of their lives and during stressful situations, reduces fear and chronic stress. This again in turn improves health and production (section 3.1.4). Such small adjustments to common practices thus can result in benefits for more stakeholders in the industry than the animals alone. Increased health and production is beneficial for the farmer, whereas a better treatment of animals will improve the image of farming practices that consumers have. If governments ensure that regulations are followed through by regularly monitoring farms, and help farmers to improve their practices and procedures by offering education and incentives, this may further accelerate the improvement of farm animal welfare. Thus, within reasonable boundaries of the industry’s complexity, we can realize changes that can be beneficial for multiple stakeholders. For example, providing covering for cows kept at pasture offers them shade and shelter from unpleasant weather conditions, improving both their welfare, milk yield and reproduction rates (section 3.2.1; Roman-Ponce et al. 1977). The provision of shelter need not be expensive, making it relatively easy to address this matter. Another example is the enriched cage system for laying hens (section 3.4.1), which allow them to perch and use nest boxes for egg laying. Besides improved welfare for the chickens, the desire of consumers to improve animal welfare is heeded, and raised costs to the farmer are reasonable. As Moura et al. (2006) argue about broiler chickens: ‘It is known that the result of a broiler not adequately housed is a direct loss in production which leads towards a thought that health, welfare and productivity are intimately connected.’ This connection between welfare and productivity is an important finding, which may help convince farmers that a better treatment of and enriched housing for their animals may be beneficial to themselves as well. Moreover, if it is communicated to consumers that raised prices for animal products are due to improved animal welfare, they may be more willing to pay a higher price. It takes innovation and willingness to address these issues and come to solutions that take into account all stakeholders’ interests, including those of the animals. Eventually, all parties involved must take some responsibility and make an effort to understand and respect each other in the matter of animal welfare improvement, in order to come to an effective and sustainable solution (Mench & van Tienhoven 1986; Webster 2001). 
For example, Wageningen University & Research centre in The Netherlands has brought together ideas and desires of farmers and consumers, combined with behavioural research on chickens, in order to develop a system that satisfies animals, consumers and farmers. One of the outcomes of this ‘Keeping and Loving Hens’ project, is the Rondeel farming system. The eggs of this farming system are now famous for their high welfare standards while being priced reasonably, and are being sold in the biggest chain of supermarkets in The Netherlands, Albert Heijn, since june 2010.
4.4 Concluding remarks
In the past 50 years, great developments that have improved farm animal welfare have taken place, especially in the EU (Horgan 2006; FAWC 2009). Slowly but surely, farming practices that result in bad animal welfare are being prohibited by law, indicating a strong trend that animal welfare is becoming increasingly important to the public and, consequently, their governments. Additionally, the amount of scientific literature on the improvement of the lives of farm animals is increasing rapidly. This scientific research on animal welfare is, however, still in its infancy, and although global interest in the field is increasing, more research is still much needed. For current developments to reach their objectives, several factors are of influence. First, governments must set minimum welfare standards in collaboration with the scientific field, society and the farming industry. Furthermore, they should act as an agent protecting the rights of animals, by ensuring that rules are being maintained. Communication to the public is important in this matter, which can be achieved through reliable labelling of animal products, communication and education. Second, scientists should continue to elucidate animal functioning, preferences and effects of our handling on their welfare, making welfare assessment easier and more reliable. Third, farmers should be willing to continuously be educated about their animals and the effects that their behaviour and attitude has on them. Fourth, consumers should be aware that their desires are in conflict, which may be one of the most influencing factors in improving animal welfare. When consumers are willing to pay for the improved welfare of farm animals that they desire, which may either imply a reduction of animal product consumption or increased expenditure, it can be possible to meet their conflicting demands. However, once there are no cheaper alternatives due to regulations and policies excluding practices that result in bad welfare, the consumer will have to pay more for animal products as they have no choice. 
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Section 3.2 Cattle: 
Cows in lying cubicles: http://www.animalcomfort.co.uk/
Cows eating hay: http://www.fbibuildings.com/dairy/
Calve in hutch: USDA Photo Center; http://ocw.tufts.edu/data/40/508880/508893_xlarge.jpg
Calve in crate: www.farmsanctuary.org

Section 3.3 Pigs:








Battery cage hens: http://www.foodsafetynews.com/2012/01/european-union-bans-battery-
cages-for-egg-laying-hens/
Hens in barn system: http://www.bartalthuizen.nl/blog/wp-content/uploads/2012/03/Vrij-uitloopkippen-Jan-Meijer-13.jpg
Broiler chickens in barn: http://www.candhlivestock.com/images/chickens/
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